-^'Searchtng'PAJ ^' ~ ^ http://www1jpdfjpo.gojp/PAl/result/detail/main/wAAAal6217DA41 1 1 86651 Pl.htrr 





• 


• 




PATENT ABSTRACTS OF JAPAN 




(1 DPubiication number : 

(43)Date of publication of application : 


11-186651 
09.07.1999 


(5 Dint CI. 


HOIS 3/18 




(21) Application nunnber : 

(22) Date of filing : 


09-351436 (71)Applicant : 
19.12.1997 (72)Inventor : 


SONY CORP 
YAMAMOTO SUNAO 



(54) INTEGRATED SEMICONDUCTOR UGHT-EMITTING DEVICE 

(57)Abstract 



PROBLEM TO BE SOLVED: To obtain an Integrated semiconductor 
light-emitting device capable of emitting lights with different wave 
lengths and forming compactly, by providing a plurality types of 
semiconductor light-emitting elements with different light-emitting 
wave lengths on the same substrate. 

SOLUTION: An AIGaAs based semiconductor laser LD1 with 
light-emitting wave length of 700 nm band and an AIGalnP based 
semiconductor laser with light-emitting wave length of 600 nm band 
are integrated apart on the same n-type GaAs substrate. In the 
semiconductor laser LD1, an n-type buffer layer 11. an n-type clad 
layer 1 2. an activation layer 1 3 with a single quantum well structure 
or a multiple quantum well structure, a p-type clad layer 1 4, and a 
p-type gap layer 15, are laminated in sequence on the substrate 1. In 
the semiconductor laser LD2. an n-type buffer layer 21, an n-type 
clad layer 22, an activation layer 23 with a single quantum well 
structure or a multiple quantum well structure, a p-type clad layer 24, 
a p-type' intermediate layer 25, and a p-type gap layer, are laminated 
in sequence on the substrate 1 . 
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^^y^m \ 5<^^Mtc^x»^S i O2 l^^S i NM^ 

[ 0 0 4 5 ] ^{C, H 1 1 K^^X o (C, ;fsfeiitJ^3 1 ^ 

^^r^jL y h:^ y^>^m\ZX ^ dMG a A s y y" 
m I 5. vMA \ G a A s ^ 9 y Vm I ^ . r^i±m 1 

3. nMA 1 G a A s ^ ^ K/i 1 2 i5 J: Z>*n^G a A 
s^^yyrmi 1 ^M'^^ y^y^-t^o 

[ 0 0 4 6 ] mi 2 ^ZTj^-f X^ *feji^J^3 1 ^ 

^>^\,ZX^ m^'Lfznm.G a A s 1 O^^tl 

G a A s^^*'> -7 T/i 2 1 , nMA 1 G a I n P ^ K 

^22. 23. oMA 1 G a I n P ^ 9 :y K/1 2 

4. dMG a I n P4'fU1^2 5i5j:CKDMG a A s^^ 

[ 0 0 4 7 ] ^tc. J^eM3 1 ^^•y^>'^^*L7t 
t^. €?OA(^C VD^tcJ: 19 D^GaAs^-^'7y^l5 
^ XXf ^m.Q a A B ^ ^ y^rm 2 6 c7?^®tc«?iIx.J^ S i 

^O^i^J^^^-y }9^^:^foltc3£CF^^ 

^iliJ^^vX^ tL-rDMAlGaAsi>^:/F^14 
isJiC/oMA 1 Ga r nP^^-;' K^24 <Dm^id^<r> 
^^(om^ tXJ^y -f- > ^^-r^^ ^ CIJ: 15 . HI 3 
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■tJ:^ti, vM/^ \ G a A s ^ y y V^m I 4 (D±U^X 

- - V^r-t^i: i: ^>tc. vMA I G a I nF ^ y y V^m 
240±g5. vmG a I nP^mm2 d^Xt/oMG a 

16> 2 7 t n^G a A 3 2 ^il^^g^i^r 

[0 0 4 8 1 -^(3, mi 4(3^-t<t^t^> D^G aA s 10 
^^:/-/^15. 2 e^ctO^nMG a A sB 3 2(7):^® 
tc^^^iS i O, M^S i NMJ5:fc^<^$§^tM3 3 

[0 0 4 9 ] ^CC, II 1 5 K^^X^ tC, ^C0j^^jg^3 
3 t LT^At^R I E?£<7?J:o^ K-^^jn^.^ 

v^J^^^^-^ Y^y^-yifmz^ »?nMGaAs^3 
2 . D MA 1 G a I n P ^ 2 4 , tSti^ 2 3 , 

nMA 1 Ga I nV^y y K^2 2i3J:0^nMGaAs 
V r^2 1 ^m^^y^y ^-t^o 20 

[0 0 5 0 ] ^tC, m 1 6 ftZ^-tXo tC, ^xJ^^^lt 
J^e^^^y- (MB E) ate J; . 2 8 0 "C^^ 

s^'^ 7 -77^4 1, nMZnSe^^'7yr^42. nM 
ZnSSe/^^'>'y'r)i4 3. 

K^44. nMZnSSe ytMi^B 4 5 , fSfi^^ 4 6 . 
dMZ n S S e7fe^iS/i4 7. oMZnMeSSei^^ 
y Vm4 D^ZnSSe^-vy7'®49. oMZn 
Sen>^^^h^50. oMZ n T e/Z n S eMQW 
^5 l^J:CKp^ZnTen>^^ h^52 ^Jli^^:^ 30 

[0 0 5 1 ] ^tx. 'J V^^^ "7 ^ -Cr J: 19 , p MZ n T 

MZ nTe n>^^ 2 ±lim^:;^fSltr?^tr^^5^ 

t::. ^coui?;^ h/N'^'-v^-r;^^ t LTdMZ n S S 

J~y^>^miZXy)j:-y^y^'r^ZtlZX^^ vMZ 
nSS e^'^yy'm^ 9<D±^^ DMZnSen^^'^ 40 
h/iSO. D^Z n T e/Z n S eMQW/i 5 1 iSlO*' 
DMZnTe^:^^'^ Mi52=^>?.h^-Y ^M^lZ/^^ 

[ 0 0 5 2 1 ^tc, c:<DJ::.7^>^ccfflv^?^c w-y;^ 

•7 V J: A I J 0, Jil^^®tr?i^^L/c^^. 

WvX h/^-^->^^<7)±t-?f^^^H7t:A 1 . Oa ^i: 

[ 0 0 5 3 ] K\Z, mmmz 3 y^>:^R^* LA: 50 
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f^. la 1 8 \zm^x 0 ^1 (o^mfmtmmK u 

U 7 h ym^iZi. 0 , A I G a A s ^.4^®>^ 1/ - -9"' 
LD lO^^t^T i / P tXA um^c7>J; 9 ^ D 15^^ 
17, A 1 G a I n V^^M^V-^hX) 2(Dmk\tT 
i /P t /A um^cT) J: 9 ^ DlB0m;^2 8 . Z n S e 
ii^^#lx--*f L D 3 <?)M^I^P d/P t/A um;te<7?J: 

^^Dii!im;si5 4 ^fm-fho 

[ 0 0 5 4 1 ^(c. iM 1 9 \z^^xo vm'^m. 1 

7. 28, 5 A(Dmay^mzio\1fh\imZTii: e^>^ 
^h/i52. dHZ n T e/Z n S e MQW^ 5 1 . d 
l!ZnSeri>^^h/i50-, pMZnSSe^^7>^ 
;i4 9. DMZnMgSSe^^7K/i48^ oMZn 
S S e 4 7 . rSrt*^ 46. nMZnSSe ^t® 

t^^i 45. nMZnMKSSe^^7.yK^44. nMZ 
nSSe>'^'.y7r^43. nMZnSe>'<y-7T;g42 
:feJ:2/nMG a A s^^*.y >'T^4 1 ^ > ^^^^-T 

[ 0 0 5 5 1 ^tC, nMG a A s 1 <0^m\zmk\^ 
M^mm^^:^y^y ^ u > J: ^) A u G e/N i M 

[0 0 5 6 1 ^{c. Jii£c7) J: 9 LT 

^iitcnmc a A smul ^^"^-mzmmLxm^m^ 

^ y^^mLtz^k. Z<D/^-^m^LX-^y^^tir;b, 
Z<7>^ik. :z<7)X ^ KLX^hKtzU-'^^ y y'^^^y ^ 

[ 0 0 5 7 ] z<7)m2(Dmm¥mizx:hmmm^mi$^i^ 

"■^f^®m: tiif. ^yt^kMt^7 0 0 n m^cOA 1 G a 
A s,^^^#l---*f L D 1 i:^:7t?&;R5&*6 0 0 nmm<D 
A 1 G a I n P.^^«^V--if L D 2 t^^i^:g;?»^5 0 
0 nm^<7?Z n S e^^^^U--^f LD 3 i:=^:i-^>S>^ 
tizxn. VY Dm<r>U--^y(:t LX ^ 0 0 nml^t 5 

0 0 n m^t oz:ai^(;)r^:go<>o^|Xi9 m-r^ tTb^-e 

^^^ii^H, Zfih(OU~'^±t\t^AL{zCDisXt/ 
UI)m(D\y~-^*^i:^^mi'Z, ti)^Xh i>o -^LT. :i 

<^^^M4^S^ i^~^^m^D V D tf y T 

•;/7^tri^-^f^^l^i: LT^^-t>6:ii:(zJ: 19, DVD. 

L^-=^>. C::h,(oOA I G a A s^4^^#:U-^f LD 

1 . A I G a I n P -^^ L D 2^5 iO^Z n S 
e^#^#U--^*L D 3 li. iWI-<7?nMG a A 1 

- v^ti— o-c^tfo :z<Ofzt>. it^y^y yV(DA^m 
it^mhZti)<X^. Ltzi)<^XI>YX)^W<?)4^mit^ 

[ 0 0 5 8 1 H 2 0 li<ro^H.go^3 J:;^ 

[ 0 0 5 91 H 2 0 IC^f J: 9 CC, ^ 3 
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yjU<DmM\^<DS i C^=^2±t;. ^it^&ybn 0 0 n 

(^xt^. 780nm) (7)AlGaAs 
-•9-'LD 1 ^it7BLM:^^6 0 0 n (^x*^. 6 5 
Onm) OAlGaln P ,^4^^^ U - -^f L D 2 t . ^ 
*?&:1;6M 0 0 n m« (MxlST. 410nm) OGaN 
^.^S^lx--»f LD 4 :Ev^t:^^L;^jt^i^T*^ll 

[00601 AlGaAs ^^^*W--9-'L D 1 J: t^' 
A 1 G a I n P^4^S^V--if L D 2 I*, mi <0^mM 10 

[0 0 6 1 ] G aN^#2g#V--if L D 4 tCi5V^Tti. 
SiC^^2_htC, G a N^^'•y "7 6 K n^AlG 
aN^^^-yK^6 2, nMG a N^fe^^^ 6 3 . f^xt^ 
I n G a N7)-^^^MQW^fitO^S14® 6 4 . o^Ga 
NtIc:®?^® 65, oMA { G aN^ ^ y 6 6 iSXZr 
pMG aNnv^'^ h^6 7 75*M^ll^^tl.r\/^^o D 
MGaN3>^>^ h/ie 7±tili DliJm=^ 6 8 35*^-^ 
u/^^n>^^^ h LriS:Jt^arv^^o DlH!imfe54i:L 
rti. ^xJ^N i /A um:M^*ffl\/^^fL^o 20 

[0 0 6 2 ] s i cmu2 (rfmmiz\tnmmu2 

Tv^^o -c7)nlSlim^2 9 i: LTIi. 'Nx^^T i / A 1 

[0 0 6 3 ] A I G a A s ^^af^l^-^' L 

D 1 (7)DfOmMl 7, A 1 G a I n P ^^^#l---tf L 
D 2 C7? d1H[I^M2 S^Xt/Ga ^^.^Bi^U--^ L D 4 
<7)D#Jm^6 8 ii. /N^y 3 OitrSv^um 

^6?;Cr^^L7t:tR^-C^tttbfL;?t:t:- b->>:J^ H 1 . H 
2iiXl/H 3±(;-?■i^^tLli^fff^^t ^tirv^^o 30 

[ 0 0 6 4 ] ±m<^x o Km^^ tif^ ^ <r>m 3 (o^mM 

1 7 i: niajmM2 9 t <7)^ tr^'^^^^-t - ^ tr J: 19 A 1 
G a A s,^^®^U--*f L D 1 t^^X^b. 

8 i: n^mM2 9 O timit^iti" :i i: 
J: »9 A 1 G a I n P ^4^^^ 1^ - -»f L D 2 ^Igift-t^- 

d lim^fe 6 8 n IHjm^ 2 9 t O M nm^ft ^ 

m.-t^tizj: y)G a ^^.^m^i^-'^^L D 4 ^mm^^ 

Z ti)^'^h :BXn ir^SroTv^^o ^LT. A 1 GaAs 
.^4^^-#^-^f L D 1 ^^Igft-f ^CfctcJ: ^m& 7 0 0 40 
nm^ (^Jxt^. 7 8 0 n m) (D U -"^^^^^ th-f ^ 
tt^X^. A I G a T n Pm^^^W--^f L D 2 ^ggib 
-^-^C: ttci: 01^:^ 6 0 0 n (^xt^. 6 5 0 n 
m) th-rz t:^^Xb. GaN^.4^^# 

^--^f LD 4 ^Jl^i&i-^C: iitC^t *)2Sg 4 0 0 nml^ 
(^xt^, 4 i 0 nm) (OU-^*^^m^ m-t:! t:fy^X 
^hX^ K^-dX^^^o A 1 G a a s^^3i^l---^'L 
D 1 ^mm-t^T!)-. A 1 G a I n P V - -*f L D 
2^mmt:hi>-. G a Nm4^^*b-^f L D 4 t^SS-t. 
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[0 0 6 5 ] ^{c, JL^Ec^ J: 0 C^fiSt^^n/cCco^s O 

(00661 t-f^ m2 I IZTT^-rX ^ (C, Si C^^2 
±iz^ mL\tUOCVDl^\zX ^ . nmGaN^^yyr 
mei. nMA 1 G a ^ '7 K/i 6 2 . nMGaNTt: 
Mi^m 6 3 . 6 4. d M G a N3fe^?^^ 6 5 . D 

mA \ GaN^^^y K^66i3j:C^*nSyGaNnv^^ 

;iT*ib^fSri^;i6 4 (3^^:^2aji^(i0f!ixt^ 7 6 orzmmt 

I n -^r-^t nMG a Nv'^'-y "7 6 I . nMA 
1 G a N:^' ^ V 6 2 . n M G a N 6 3 . d 

^G a NT^^i^^e 5 . D^A I G a N^' ^ .y Kii 6 6 
43i:C;^pMGaN=i>^^ h^6 7 (7?^:Eia^(± 1 0 0 

or^^t-r^o 

[ 0 0 6 7 1 ^{r. Mx*^CVD?im:i5DMGaNn 
h^6 7<73^®ll^xl^S i O2 I^^S i Njm^ 
ir<^^i^J5l3 1 ^B^Li^^m. CO$fei^j^3 l^J^y^ 

[0 0 6 8 ] ^{c. [112 2(c^f ^mms 1 ^ 

-v^;^^ i: LT^x»^R I E^<DX 0 ^J: h* y ^ y ^ > ^ 
J; *9 dMG a N3 iS^ ^ b/i 6 7 . oMAlGaN 
^ ^ y Vm 6 6 . D M G a N^mf^M 6 5 . f^^m 6 
4. nMG a N7l£^?^^ 6 3 , n M A I G a N v K 
^6 2^J:?7nl!G aN/^*:y 7T^6 1 =^JiM^^ f- > 

[ 0 0 6 9 1 H 2 3 IC^i- J: o IZ^ 3 1 ^ 

^>^tCJ: y)mt^LtzS i C^^2<?)^®t::nMG a A 
s^\'v*7r^lK n^A 1 G a A s ^ -7 1 2 , 
?&t4/113. oS!A 1 G a A s -7 :y 1 4 *3 J; t>*D 
MGaAs^^-y-T'^l 5 irm^^m^-^^o 

[ 0 0 7 0] mmmz 1 ^:r.yi^y^}l^^^ttz 

^k. 1112 4 <t 0 MxtfC VD^tlJ: o M G 

a A s ^ ^ rfm 1 5:fcJ:C/DMGaNrr>^^^^ h^6 
7 0^®U^xt^S i 0^ i NJ^^ircO|feiStJ^3 

3^ff^^L, C(75^if|feflg|3 3 ^J^y J: ^Jfifr^::^ 

[ 0 0 7 1 ] 2 5 \Z7y^^X 0 IZ^ C Oi^^tM 3 • 

3 t L"CoMG aNn>^^ ^^6 7, dMG 

aN3^SzS^6 6. ?^t^^6 5. nl?GaN*^?fe^6 
4. nMA 1 G a ^ V 6 3 ^ J: O^^'nMG a N/^* 
7 •7T^6 2 ^M^-x-y^>i>-B^^^^, 

[ 0 0 7 2 1 112 6i;^-tJ:^(c, $fej^J^ 3 3 ^ 

^>^tc J: L?^^ S i Cmm2(r>mMKnmG 2i A 

s^<yyrm2\. nMA 1 G a I n P ^ ^ K/i 2 
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2, fS14ii2 3. dMA 1 Ga I nP^^-;' K^2 4. 
DUG a I n P^^mm 2 5i5i:6l='oS^GaAs^^.y>^ 

[ 0 0 7 3 1 ^IC. mmm,3 3 ^J^y^y^W.^Lfz 
'ik. ^xJf C VD^CC^ 19 dMG a A s ^-V 1 
5. DMGaAs^^y'/^26:fci:0''oMGaNn> 
b®6 7<7)^M{C^xl^S i O2 ^-^S i NM^^* 

A 1 GaAs:^7 .V K/il 4^i:t/DMA I Ga I nP 
Kg 2 4<^jS^:^[^<7)^4^c7)^$^ r-^:yf->^^ 
^2 yu^-fJ; oK. oMAlGaA 
s^'^y Vmi A 0_Lgp^ J: C/dMG a A s ^ -V 

MA 1 G a I n P ^ y 2 4 60±^, oMGaIn 
Pft'fy^ 2 5^J:a^DMGaAs^-v-:^^^26^^b 

C nMG a A s^'^^^^ 1 6. 27t:^;6nMGaA 20 

si 3 2 tm^^^^^xmibiLtJo 

[ 0 0 7 4 1 ^tC. ^^mmZ 3 =^ J:. v^>':$^fi^^LA: 
112 8 J: 0 C^. ^ 1 O^ifcJi^^ i: Iil:f*tc L 

T. V7 h ^7tifrci: A 1 G a A s^¥^>f^:l^-•^f 
L D 1 <7)^?gxl^T i / P t / A um^<7)<}; o ^^plHlim^ 
17. A I G a I n P - -^f L D 2 (^^^t^T 

i/P t/Aum^<7>j;o^o1liimM2 8. G a N^^ 
m^l-~^L D 4 co^xt^N i /A um^coi: ^ ^ olHiJ 
6 8 ^-fl^^-f 

[ 0 0 7 5 ] ^tc, IiI2 9 tc:^-r J: ^ {c. d 1 30 

7. 2 8 J:a^DiHijm^2 8 t pMG a N=r 

> ^ ^ 6 7 tO^O^^tciJtt-S nMG a A 3 
2 . D M A 1 G a I n P ^ 7 2 4 . t&f^^ 2 3 . 
nUA 1 Ga I n"?^ "yv YM 2 2 ^ XXf riMQ 2i A s 

[ 0 0 7 6 ] ^CC. S i CS^2C9-^®tI^x.*^^^^ 
mm'<?:^^'^y ^ U >^^13 J: i^^xt^T i /A I m^?f^ 

[ 0 0 7 7 ] ^tc, ±xE<^J:^(::LTU--^f^fit:()^f^fi^ 

s i c®;^2 ^ j^-mzmmLxn^mmmm^ 4o 
[ 0 0 7 8 ] ^<Dm3cy%mmm\zx^^mm^m^v 

-■if^mcci: tttf. ^7t?S:^;6^7 0 0 nm-^(ryK \ G a 
A s7h^^^V-^L D 1 t|&:)fcz^t;g^*6 0 0 nm^<D 
A 1 G a I n Vyh^M^V-^l. D 2 t ^^i^t^T^M 0 
0 nm^cOG a N^#^#:U-^f L D 4 t=^^^^)r<h 
tlj:f9. D VDfflOV-^fjrtt L-C^^;g6 0 0 nm^t 50 
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i^:E4 0 0 n m^^<t c0~ffi^C0^^;g<7) t CO^flSi »9 tbt*^ 

ii^^o L;d-^b. w^ibcOA 1 G a A s^.^^#:i^-^^ 
L D 1 . A 1 G a I n P U--»f L D 2i3j:0^'G 

a N^^®>t^l^--»f L D 4 1±, m—cDS i C^^2±C' 

[ 0 0 7 9 ] ms o\t^(D^m(om4(DmMM^i^x^ 

[ 0 0 8 0 ] mS 0K7r:i-Xil,Z^ ^<Dm A (D^m'BW. 

::^liz:cD^mi*60 S i C^^2±tc. ^3t:?£g2)*6 0 0 n 
(^x.*^. 650nm)OAlGaIn P.^#^^#: 
U'-'^f L D 2 ^ . ^3tf^S:?»^'5 0 0 n (^Xt^. 5 

1 5nm) OZnS e^^^^U-^'f L D 3 ^%Wi 

0 0 n in=3^ (M£tf. 4 1 0 n m) c?) G a 

[0081] AlGaIn P^^^^^U--^ LD 2 \tm 

\<o%mrmx^^tztmm^j:m^-^-^L. znse^. 
i|i2g#w-^f L D 3 \tm2(o%wBmx'^^fztmm^j: 

^^^#L. G a N^^^#:U--if LD 4 li03O^|ffe 

[0 0 8 2 ] ^<D^^^ A 1 G a I n P.^^^-^l^-^f 
L D 2 Oolim® 2 8 , Z n S e^4^^#l---*f L D 3 
(Dximn^Ub 4^J:t;^G aN.^4^^'^P'--if LD4<7?d 
IBJ^^e 8 li. ^- 3 0 Jit^SlV^ tim^6<J 

[ 0 0 8 3 ] ±^co J: 0 &'#J^ ^ tL/^ CI (Dm 4 (D^^m 

mjzx:hmmm^mi^i^-'^'^miz^^^x\±. ommm 

2 s t nmnm2 9 1 <Dm\z'm)^i,^'irL'r c t k x ^ a i 

Gain P.f^^^frV-^f L D 2 ^HgSftf^ i:;5^^-C 

olSOm^^S 4 i: nifflim^2 9 t OFifltcm'^^-^ft-t-r 
tiZXnZnS e,^#^^#:U--*f LD 3 ^rlgift-T^^ t 

:^i^T'^. D ifflimMe 8 1 niiim^2 9 t<7>fy!t'm*^^iiL 

-t^tKX^Ga N^.^S^U--*f LD 4 '^l^ili-r^:! 
i:;6^T-^ -2, i^tC^SroTu^^o ^LT. A 1 Ga I nP 
^^^#:l^--»f L D 2 ^|gi!l-t^^ tjcj: 6 0 0 

nm^ mz.^^. 6 5 0 n m) <7) V--^f:)^^^^ i? mi" - 
t:^'X^. Z n S eJ^^mi$^U-^'LD S^mm^^Z 
tKX 0 0 nm^ (m^^^. 515nm)OU 

-•W^^^^th'r:iti}^X^. G a N^#2g>ff:U--*f L 



C9) 

15 

4 1 0 nm) (DV'-'^yt'^W^^'t^ t-^^r-^^hX 9C 
^oTv^SoAlGaln P ^^^'f^ U- -9* L D 2 $rSg 
Z n S e^^2i#W--if L D 3 

^ o 

[ 0 0 8 4 1 ^tc. ±:^E<7)i:otl^^^ti;^ji<0^4<7) 
v^-Cisi^-r^c 10 

[0085] t-f. ms iK^-fx^K. s i 

^61. nMA 1 G a ^ .y 6 2 . nMGaN^ 

^mm 6 3 . mi±m 6 4. dMg a N7t:isiK;i e 5 . d 

MA lGaN^9'7K^66:fc<J;CKDMGaN3>'^^ 

L. I n J^^v^nMG a Nv'N':/ 7 r)l 6 1 , nMA 

1 G a ^ 6 2 . n M G a N3feSi£^ 6 3 . d 
MG a N^fcS^fe^ 6 5 . d M A 1 G a N ^ 6 6 20 

ioXt/vMG aN^y ^ 1^ hme 7 (D^^f^m\t 1 0 0 

0 r^jgt-t^o 

I 0 0 8 6 1 ^ti. Mi 3 1 K^irX^ tc, 0f|i.»fC VD 
^£(iJ:"9DMGaNn;/i^^ 7 <7>^cg tC'^II S 

1 O. i NM^.!^C0^feltJll3 1 ^J^mLfz^k. C 

[ 0 0 8 7 1 ^(C. H 3 2 \Z^-t X ^ ec. $fe^J^ 3 1 ^ 

J: 19 dMG a N > ^ ^ M 6 7 . pMAlGaN 30 
^ ^ .y Kg 6 6 . dMG a N^ti^^K^ 6 5 . fSt14g 6 
4. nMG a N7i£®^^/i 6 3 , nMAlGaN^^^^K 
^6 2i3i:^/nMGaNy^''7■7T;i6 1 ^m^^^^v^^ 

[ 0 0 8 8 1 -^t^, 0 3 zxzT^-f xn\z^ mmmz i =^ 

^>^tlJ: (:)SaiL/cS i CS^^2CO^oitlnMG a A 
syN'y7y^21. nMA 1 G a I n P ^ ^ ^7 2 

2 . rSIS^ 23. D^AlGaInP^'^vK^24. 
D^G a I n P 4^^^ 2 5i5j:?7p^GaAs=^^!yy 40 
^26 ^^^^^^ii:-2>o 

[ 0 0 8 9 1 i^fe«tJ^3 1 ^J:.-^ ^V^I^* L/:: 

09xJ^C VD^tc j; i9DMGaAs^-V'>''/Ji26 
^JiCKoMGaNn^^^ h^6 7 co^®C10^ S i 

m$'^;^^tLTDMAlGaI nP^^v K^24(7) 

H 3 4 (C^f- J: ^ t', oMA 1 G a I n Pi> ^ 2 50 
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4(0±^. dMG a I n P 4" Ril^ 2 5 ^*J: C/o^G a A 

giSOif fflOcO^^lC. :^^6^tc nMG a A sm^?f£$^^;i 2 
7i:^;2>nl3GaAs/i32 ;^ -^TS^6^ 

[0 0 9 01 ^tc. lgI3 5 K^-tXo m^\tCVD 
mKXn oMG aAs^^y:fm2 6. nMGaAs^ 

3 2:fcJ:tFDMGaN3>^^ h/ie 7 0^Mti'CTx.t^ 
S i Oj ^^S 1 Nll'iiro^feJ^I^S 3 ^^^Lfcm. 

[ 0 0 9 1 1 -^ic. IM3 6 u^f d m^^ms 3 ^ 

^-X:?' LTnMG a A s^3 2. oMAlGalnP 
^ :y 2 4 . 2 3 , nMA 1 G a I n P ^ 

2 2 i5 J: CKnMG a A s 7 2 1 ^Jffi^oi 
.y -^V^-t-^o 

[ 0 0 9 2 1 -^tC, H 3 7 K7j<^X 0 IZ^ m^\tUB E 

i C^^2 (D^mtiZnmG a A s^^y y rm 4 1 ^ nM 
ZnSey<.y7T^4 2. nMZnSSey^*'^yT;i4 
3. nMZnMKSSe^'^-;'K)i44. nMZnSS 
e 4 5 . ^i^m 46. oMZnSSe ±m^m 

4 7. oMZnMgSSei^^';'K^48. o^ZnS 
Se^^';'-/^4 9. vmz n S e :y > ^ ^ Vm 5 0 . 
oMZnTe/ZnS eMQW/i 5 1^5J:D*'DMZnT 
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